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1. Field of the Invention 

The present invention relates to digital cameras employing solid-state pixel 
sensors. More particularly, the present invention relates to improved sensitivity and auto- 
exposure detection apparatus and methods for use in digital cameras. 

15 2. The Prior Art 

Storage pixel sensors are known in the art. These devices sense photo-integrated 
charge stored on a capacitor. A limitation of these prior pixels storage sensors is the 
tradeoff that results from the desire for the capacitor to be small to achieve high 
sensitivity and the competing desire for the capacitor to be large to provide low noise 

20 and good storage time. 

Prior art exposure control techniques known to the inventors that use the actual 
image sensors during the actual exposure interval are of two types. Some prior art 
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What is claimed is: 

1 . A storage pixel sensor disposed on a semiconductor substrate comprising: 
a photodiode having a first terminal coupled to a first potential and a 

second terminal; 

5 a reset transistor having a first terminal coupled to the second terminal of 

the photodiode, a second terminal coupled to a reset reference potential that reverse 
biases the photodiode, and a control gate coupled to a RESET signal node; 

a photocharge integration node coupled to said first terminal of said reset 
transistor, said photocharge integration node comprising the control gate of a source- 

10 follower transistor, said source-follower transistor having a drain^ coupled to a source- 
follower drain supply voltage node, and a source coupled to means for generating a bias 
current; and 

a capacitive storage node, coupled to the source of the source-follower 
transistor, comprising the input of a readout amplifier transistor having an output. 

15 

2. The storage pixel sensor of claim 1 including means for selectively pulsing 
said source-follower drain supply voltage node. 
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3. The storage pixel sensor of claim 1 wherein said readout amplifier is a 
second source-follower transistor having a drain coupled to a second source-follower 
drain supply voltage node and said capacitive storage node is a gate associated therewith. 

4. The storage pixel sensor of claim 3 further coupled to means for selectively 
pulsing said second source-follower drain supply voltage. 

5. The storage pixel sensor of claim 1 wherein said means for generating a 
bias current comprises a bias transistor having a source coupled to a fixed voltage source, 
a gate coupled to a bias voltage node and a drain coupled to the source of said source- 
follower transistor. 

6. The storage pixel sensor of claim 5 wherein the gate of said bias transistor 
is coupled to a bias voltage node that may be selectively pulsed. 

7. The storage pixel sensor of claim 1 further including a barrier transistor 
having first and second terminals coupled between the second terminal of the photodiode 
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and said first terminal of said reset transistor, said barrier transistor having a control 
terminal coupled to a barrier set voltage. 

8. The storage pixel sensor of claim 7 wherein said reset transistor and said 
5 barrier transistor are sized so as to have substantially matched voltage thresholds. 

9. The storage pixel sensor of claim 1 further comprising a transfer transistor 
disposed between said source of said source-follower transistor and the capacitive storage 
node, said transfer transistor having a first terminal coupled to said source of said source- 

10 follower transistor, a second terminal coupled to the capacitive storage node and a control 
gate coupled to a XFR signal node. 

10. The storage pixel sensor of claim 9 further comprising: 

a row-select transistor having a first terminal coupled to the output of the 
15 readout amplifier, a second terminal coupled to a column output line and a control gate 
coupled to a ROW SELECT signal node; and 
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a control circuit for selectively activating a RESET signal on said RESET 
signal node, a XFR signal on said XFR signal node, and a ROW SELECT signal on said 
ROW SELECT signal node. 



having a source coupled to said output of said source-follower transistor and drain 
coupled to a global current-sununing node, said exposure transistor having a control gate 
coupled to a saturation level control voltage. 



10 y \2. A storage pixel sensor disposed on a semiconductor substrate comprising: 
a photodiode having a first terminal coupled to a first potential and a 
second terminal; 

a barrier transistor having a first terminal coupled to the second terminal of 
the photodiode, said barrier transistor having a second terminal and a control gate 
15 coupled to a barrier set voltage; 

a reset transistor having a first terminal coupled to the second terminal of 
the barrier transistor, a second terminal coupled to a reset reference potential that reverse 
biases the photodiode, and a control gate coupled to a RESET signal node; 
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a photocharge integration node coupled to said second terminal of said 
barrier transistor, said photocharge integration node comprising the control gate of a 
source-follower transistor, said source-follower transistor having a drain, coupled to a 
source-follower drain supply voltage node, and a source; and 

a capacitive storage node, coupled to said source of said source-follower 
transistor, comprising the input of a readout amplifier transistor having an output. 

13. The storage pixel sensor of claim 12 including means for selectively 
pulsing said source-follower drain supply voltage node. 

14. The storage pixel sensor of claim 12 wherein said readout amplifier is a 
second source-follower transistor having a drain coupled to a second source-follower 
drain supply voltage node and said capacitive storage node is a gate associated therewith. 

15. The storage pixel sensor of claim 14 further coupled to means for 
selectively pulsing said second source-follower drain supply voltage. 
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16. The storage pixel sensor of claim 12 wherein said means for generating a 
bias current comprises a bias transistor having a source coupled to a fixed voltage source, 
a gate coupled to a bias voltage node and a drain coupled to the source of said source- 
follower transistor. 

17. The storage pixel sensor of claim 16 wherein the gate of said bias transistor 
is coupled to a bias voltage node that may be selectively pulsed. 



18. The storage pixel sensor of claim 12 wherein said reset transistor and said 
10 banrier transistor are sized so as to have substantially matched voltage thresholds, 

19. The storage pixel sensor of claim 12 further comprising a transfer transistor 
disposed between said source of said source-follower transistor and the capacitive storage 
node, said transfer transistor having a first terminal coupled to said source of said source- 

15 follower transistor, a second terminal coupled to the capacitive storage node and a control 
gate coupled to a XFR signal node. 
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20. The storage pixel sensor of claim 12 further comprising a row-select 
transistor having a first terminal coupled to the output of the readout amplifier, a second 
terminal coupled to a colunm output line and a control gate coupled to a ROW SELECT 
signal node, and 

5 a control circuit for selectively activating a RESET signal on said RESET 

signal node, a XFR signal on said XFR signal node, and a ROW SELECT signal on said 
ROW SELECT signal node. 



2L The storage pixel sensor of claim 12 further including an exposure 
10 transistor having a source coupled to said output of said source-follower transistor and 
drain coupled to a global current-summing node, said exposure transistor having a control 
gate coupled to a saturation level control voltage. 

22. A storage pixel sensor disposed on a semiconductor substrate comprismg: 
15 a photodiode having a first terminal coupled to a first potential and a 

second terminal; 
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a reset transistor having a first terminal coupled to the second terminal of 
the photodiode, a second terminal coupled to a reset reference potential that reverse 
biases the photodiode, and a control gate coupled to a RESET signal node; 

a photocharge integration node coupled to said second terminal of said 
5 photodiode, said photocharge integration node comprising the control gate of a source- 
follower transistor, said source-follower transistor having a drain, coupled to a source- 
follower drain supply voltage node, and a source; 

a capacitive storage node, coupled to said source of said source-follower 
transistor, comprising the input of a readout amplifier transistor having an output; and 
10 an exposure transistor having a source coupled to said source of said 

source-follower transistor and drain coupled to a global current-summing node, said 
exposure transistor having a control gate coupled to a saturation level control voltage. 

23. The storage pixel sensor of claim 22 including means for selectively 
15 pulsing said source-follower drain supply voltage node. 
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24. The storage pixel sensor of claim 22 wherein said readout amplifier is a 
second source-follower transistor having a drain coupled to a second source-follower 
drain supply voltage node and said capacitive storage node is a gate associated therewith. 

25. The storage pixel sensor of claim 24 further including means for selectively 
pulsing said second source-follower drain supply voltage. 

26. The storage pixel sensor of claim 24 further including a bias transistor 
having a source coupled to a fixed voltage source, a gate coupled to a bias voltage node 
and a drain forming said means for generating a bias current and coupled to the source of 
said source-follower transistor. 

27. The storage pixel sensor of claim 26 wherein the gate of said bias transistor 
is coupled to a bias voltage node that may be selectively pulsed. 

28. The storage pixel sensor of claim 22 wherein said reset transistor and said 
barrier transistor are sized so as to have substantially matched voltage thresholds. 
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29. The storage pixel sensor of claim 22 further comprising a transfer transistor 
disposed between said source of said source-follower transistor and the capacitive storage 
node, said transfer transistor having a first terminal coupled to said source of said source- 
follower transistor, a second terminal coupled to the capacitive storage node and a control 

5 gate coupled to a XFR signal node. 

30. The storage pixel sensor of claim 22 further comprising a row-select 
transistor having a first terminal coupled to the output of the readout amplifier, a second 
terminal coupled to a column output hne and a control gate coupled to a ROW SELECT 

10 signal node, and 



signal node, a XFR signal on said XFR signal node, and a ROW SELECT signal on said 
ROW SELECT signal node. 



a control circuit for selectively activating a RESET signal on said RESET 
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A storage pixel sensor disposed on a semiconductor substrate comprising: 



a photodiode having a first terminal coupled to a first potential and a 



second terminal; 
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a reset transistor having a first terminal coupled to the second terminal of 
the photodiode, a second terminal coupled to a reset reference potential that reverse 
biases the photodiode, and a control gate coupled to a RESET signal node; 

a photocharge integration node coupled to said second terminal of said 
5 photodiode, said photocharge integration node comprising the control gate of a source- 
follower transistor, said source-follower transistor having a drain, coupled to a source- 
follower drain supply voltage node, and a source; 

a capacitive storage node, coupled to said source of said source-follower 
transistor, comprising the input of a readout amplifier transistor having an output; and 
10 a transfer transistor disposed between said source of said source-follower 

transistor and the capacitive storage node, said transfer transistor having a first terminal 
coupled to said source of said source-follower transistor, a second terminal coupled to the 
capacitive storage node and a control gate coupled to a XFR signal node. 

1 5 32. The storage pixel sensor of claim 30 including means for selectively 

pulsing said source-follower drain supply voltage node. 
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33. The storage pixel sensor of claim 30 wherein said readout amplifier is a 
second source-follower transistor having a drain coupled to a second source-follower 
drain supply voltage node and said capacitive storage node is a gate associated therewith. 

34. The storage pixel sensor of claim 33 further including means for selectively 
pulsing said second source-follower drain supply voltage. 

35. The storage pixel sensor of claim 30 further including a bias transistor 
having a source coupled to a fixed voltage source, a gate coupled to a bias voltage node 
and a drain forming said means for generating a bias current and coupled to the source of 
said source-follower transistor. 

36. The storage pixel sensor of claim 35 wherein the gate of said bias transistor 
is coupled to a bias voltage node that may be selectively pulsed. 

37. The storage pixel sensor of claim 30 wherein said reset Uransistor and said 
barrier transistor are sized so as to have substantially matched voltage thresholds. 
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38. The storage pixel sensor of claim 30 further comprising a row-select 
tr£insistor having a first terminal coupled to the output of the readout amplifier, a second 
terminal coupled to a colunm output line and a control gate coupled to a ROW SELECT 
signal node, and 

a control circuit for selectively activating a RESET signal on said RESET 
signal node, a XFR signal on said XFR signal node, and a ROW SELECT signal on said 
ROW SELECT signal node. 

y/ 39. A pixel sensor disposed on a semiconductor substrate comprising: 

a photodiode having a fu-st terminal coupled to a first potential and a 
second terminal; 

a reset transistor having a first terminal coupled to the second terminal of 
the photodiode, a second terminal coupled to a reset reference potential that reverse 
biases the photodiode, and a control gate coupled to a RESET signal node; 

a photocharge integration node coupled to said first terminal of said reset 
transistor, said photocharge integration node comprising the control gate of a source- 
follower transistor, said source-follower transistor having a drain coupled to a source- 
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follower drain supply voltage node and a source coupled to means for generating a bias 
current; and 

an exposure transistor having a source coupled to said output of said 
source-follower transistor and drain coupled to a global current-summing node, said 
5 exposure transistor having a control gate coupled to a saturation level control voltage. 

40. The pixel sensor of claim 39 further coupled to means for selectively 
pulsing said source-follower drain supply voltage node. 

10 4L The pixel sensor of claim 39 wherein said means for generating a bias 

current comprises a bias transistor having a source coupled to a fixed voltage source, a 
gate coupled to a bias voltage node and a drain coupled to the source of said source- 
follower transistor. 

15 42. The pixel sensor of claim 41 wherein the gate of said bias transistor is 

coupled to a bias voltage node that may be selectively pulsed. 
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43. The pixel sensor of claim 39 further including a barrier transistor having 
first and second terminals coupled between the second terminal of the photodiode and 
said first terminal of said reset transistor, said barrier transistor having a control terminal 
coupled to a barrier set voltage. 

44. The pixel sensor of claim 43 wherein said reset transistor and said barrier 
transistor are sized so as to have substantially matched voltage thresholds. 

45. The pixel sensor of claim 39, further including a capacitive storage node, 
coupled to said soiurce of said source-follower transistor, comprising the input of a 
readout amplifier transistor having an output. 

46. The storage pixel sensor of claim 45 wherein said readout amplifier is a 
second source-follower transistor having a drain coupled to a second source-follower 
drain supply voltage node and said capacitive storage node is a gate associated therewith. 

47. The storage pixel sensor of claim 46 further including means for selectively 
pulsing said second source-follower drain supply voltage. 
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48. The storage pixel sensor of claim 46 further comprising a transfer transistor 
disposed between the output of the source-follower transistor and the capacitive storage 
node, said transfer transistor having a first terminal coupled to the output of the source- 
5 follower transistor, a second terminal coupled to the capacitive storage node and a control 
gate coupled to a XFR signal node. 



49. The storage pixel sensor of claim 48 further comprising: 

a row-select transistor having a first terminal coupled to the output of the 
10 readout amplifier, a second terminal coupled to a column output line and a control gate 
coupled to a ROW SELECT signal node; and 

a control circuit for selectively activating a RESET signal on said RESET 
signal node, a XFR signal on said XFR signal node, and a ROW SELECT signal on said 
ROW SELECT signal node. 
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